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Abstract The objective of this study is to explore risk
factors associated with overweight and high blood pressure
in Chinese American children. Students and their parents
were recruited from Chinese language schools in the San
Francisco Bay Area. Data were collected on 67 children
and their mothers, and included children’s weight, height,
waist and hip circumferences, blood pressure, level of
physical activity, dietary intake, usual food choice,
knowledge about nutrition and physical activity, and self-
efﬁcacy regarding diet and physical activity. Mothers
completed questionnaires on demographic data and accul-
turation. About 46% of children had a body mass index
exceeding the 85th percentile. Lower level of maternal
acculturation is a risk factor for overweight and higher
waist to hip ratio. Children’s unhealthy food choices were
predictive of high body mass index and high systolic blood
pressure, whereas older age and less physical activity in
children were predictors of high diastolic blood pressure.
Developing culturally sensitive and developmentally
appropriate interventions to reduce overweight and high
blood pressure is critical to reduce health disparities among
minority children.
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Background
Chinese Americans are the largest and fastest growing
Asian subgroup in the United States, increasing by 48%
between 1990 and 2000 [1]. Chinese Americans, particu-
larly children, are experiencing an unprecedented increase
in obesity and type 2 diabetes mellitus. Recent data indi-
cate that 31% of Chinese Americans 6–11 years old are
overweight, with body mass indices (BMIs) exceeding the
85th percentile [2]. At the same BMI, Chinese Americans
are at higher risk of developing cardiovascular disease and
type 2 diabetes mellitus than non-Hispanic whites, possibly
because of genetic differences in body composition and
metabolic responses [3, 4]. Excess weight in children is
associated with immediate and long-term medical and
psychosocial complications, including high blood pressure,
cardiovascular diseases, sleep disorders, type 2 diabetes
mellitus, low self-esteem, and social withdrawal [5–9].
Increased risk for obesity and hypertension can result in
premature mortality. The adverse effects of these diseases
in childhood persist over time and progress to adult pre-
mature cardiovascular disease [5, 10]. Therefore, it is
imperative to identify factors associated with increased risk
for obesity and hypertension in childhood, especially in
Chinese Americans.
Overweight and obesity in children have been identiﬁed
as a serious health problem. Several factors, including
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knowledge about adequate nutrition and physical activity,
and self-efﬁcacy on obtaining adequate dietary intake and
activity level, and maternal acculturation level, are related
to overweight in children [11–14]. The relationship
between these factors and children’s weight status are
inconsistent. For example, Agras and Mascola [11] indicate
that food intake and sweet beverage consumption are
important risk factors for childhood obesity whereas Chen
and Kennedy [12] found not association between food
intake and risk for childhood obesity. In addition, few
studies have explored how these factors contribute to
obesity in Chinese American children.
High blood pressure is also associated with the risk for
atherosclerosis and premature cardiovascular disease in
both children and adults [15, 16]. Elevated blood pressure
in childhood is a predictor of high blood pressure in
adulthood [17]. Several factors are thought to be related to
increased blood pressure in children, including high BMI,
lower level of physical activity, high sedentary activity
time, and unhealthy dietary intake [18–20]. Lazarou and
associates [21] found that higher BMI and frequent eating
while watching television are positively related to
increased systolic and overall blood pressure in 10- to
13-year-old children. In adolescents, high BMI and more
sedentary activity are positively correlated with increased
blood pressure [22]. In obese children, increased television
viewing time is associated with hypertension [22]. Chinese
Americans are at higher risk than non-Hispanic whites for
development of cardiovascular disease and atherosclerosis,
but little is known about risk factors associated with
increased blood pressure in children.
Given the increasing population of Chinese Americans
in the United States and the signiﬁcant impact of over-
weight and cardiovascular diseases on the health of Chi-
nese American children, a better knowledge of what
constitutes or contributes to overweight and high blood
pressure can help researchers, health care providers, and
the community develop culturally appropriate, gender-
sensitive, and developmentally based interventions to
improve the physical and psychosocial well-being of such
children and their families. We sought to explore risk
factors associated with overweight and high blood pressure
in Chinese American children.
Methods
Participants
This protocol was approved by the University of Califor-
nia, San Francisco Committee on Human Research. A
randomized experimental design was used to examine the
effect of a child-centered and family-focused behavioral
intervention in improving health behavior, psychosocial
function, and body composition of Chinese American
children, 8–10 years old of both sexes. Participants were
recruited from Chinese language schools in the San Fran-
cisco Bay area. The research assistants described the study
to potential students and gave them a letter of introduction
and a research consent form to take home to their parents.
Parents who were interested in the study signed and
returned the consent form, providing their names and
contact information to the research team. For the purpose
of the paper, we analyzed only baseline data.
Data Collection
After informed consent had been obtained from parents and
verbal assent from children, baseline data were collected.
The children and parents were then randomly assigned to
the intervention group or to the waiting list control group
by means of a computer-generated random number
assignment. The intervention consisted of a 1-h small-
group session (group of 4–6 children) each week for
8 weeks for children and two 2-h small-group sessions for
parents. Baseline data were collected 1 week after they
were assigned to the study group. Follow up data were
collected at 3 and 6 months after the intervention. Children
in the waiting list control group received the same inter-
vention after they completed all the follow-up data
collection.
The procedures for this study entailed administering
questionnaires and taking several physiological measure-
ments. The children and their primary caregiver (all
mothers) completed all questionnaires at home and
returned them in sealed envelopes within 2 weeks of
recruitment into the study. Questionnaires for mothers have
been translated into Chinese and demonstrated adequate
validity and reliability [23, 24]. Children completed ques-
tionnaires in English.
Parental Measures
Family Information
This 12-item parent questionnaire includes parent(s)’ and
children’s ages, parents’ weight and height, parents’
occupation(s), family income, and parents’ levels of edu-
cation. The questionnaire was written at a third-grade
reading level and took *5 min to complete.
Suinn-Lew Asian Self-Identity Acculturation Scale
The Suinn-Lew Asian Self-Identity Acculturation Scale
(SL-ASIA) was used to examine levels of acculturation
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123[23, 24]. The SL-ASIA scale is a 21-item multiple-choice
questionnaire covering topics such as language (4 items),
identity (4 items), friendships (4 items), behaviors
(5 items), general and geographic background (3 items),
and attitudes (1 item). Scores can range from a low of 1.00,
indicative of low acculturation or strong Asian identity, to
a high of 5.00, indicative of high acculturation or strong
Western identity. The scale also permits classiﬁcation as
‘‘bicultural,’’ indicating that a person has adopted some
Asian values, beliefs, and attitudes along with some Wes-
tern values, beliefs, and attitudes. Validity and a moderate
to good reliability (0.79–0.91) also have been reported for
Chinese Americans [23, 24].
Children’s Measures
Anthropometric Measures
After parental consent and the child’s assent had been
obtained, the research assistants measured the child’s body
weight and height; the children wore lightweight clothes
and no shoes. The Seca 214 Road Rod (Vogel & Halke
GmbH & Co, Hamburg, Germany) portable stadiometer,
which has an excellent graduation of 1/8 inch (0.1 cm),
was used to measure height. Children were instructed to
have their head positioned in the Frankfort horizontal plane
and to inhale; stretch height was then measured. Body
weight was measured by using the 840 Bella Digital Scale
(Vogel & Halke GmbH & Co), which has a graduation of
0.2 lb (100 g). Scales were calibrated on the basis of the
instructions provided by the companies before each subject
was measured. BMI was calculated by dividing body mass
in kilograms by height in meters squared. BMI sensitivity
ranged from 29 to 88%, speciﬁcity ranged from 94 to
100%, predictive value ranged from 90 to 100%, and
efﬁciency ranged from 85 to 100% in children [25].
In this study, body weight and height were measured 3
times, and the mean values of the three measurements were
used to determine BMI. BMIs lower than the 5th percentile
were deﬁned as underweight, BMIs between the 6 and 84th
percentile were deﬁned as normal weight, and BMIs above
the 85th percentile were deﬁned as overweight, based on
the growth chart developed by Centers for Disease Control
and Prevention (CDC) [6].
Waist to Hip Ratio
The waist to hip ratio was derived from waist and hip cir-
cumferences. Waist circumference was measured midway
between the lowest rib and the superior border of the iliac
crest. Hip circumference was measured at the maximal
protrusion of the buttocks. The circumferences are given as
the mean of the two measurements to the nearest 0.1 cm.
Blood Pressure
Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were measured by using a mercury sphygmoma-
nometer (Baumanometer; W. A. Baum Co, Copiague, New
York) to the nearest 2 mm Hg, twice on the right arm, with
the child seated after 10 min rest.
Three-Day Food Diary
This quantitative self-report food diary was used to esti-
mate dietary intake of children. Children received a 3-day
food diary containing an instruction sheet, a sample com-
pleted day’s food-record sheet and 8 blank white dietary
record forms. Each form included spaces for the child’s
name, day of the week, date of recording, and blank lines
on which to record food and drink grouped into the fol-
lowing categories: breakfast, snack, lunch, snack, dinner,
and snack. Children were asked to record all foods and
beverages consumed for 3 days (2 weekdays and 1 week-
end day). They also recorded serving sizes. The food and
beverages were recorded in either Chinese or English. The
diets were analyzed for their energy intake, percentage of
fat intake, number of fruit and vegetable intake using
Nutritionist Pro. Nutritionist Pro has over 20,000 foods and
ingredients including brand-name foods, fast foods, and
ethnic foods. The nutrient composition of ethnic foods not
found in the Nutritionist Pro was obtained from one of the
four food composition tables developed for Asian foods
(Handbook No. 8. United States Department of Agricul-
ture; Journal of Food composition and Analysis, Special
issue: Chinese food composition tables, 1990; Nutrient
composition of Malaysia Foods, 1988; Guo-ming ying-
yang cho dao so chih, National nutrition guidelines,
Republic of China, 1991). When the nutrient values for a
prepared dish are not available, they were estimated from
recipes obtained from recently published recipe books.
This measure has been used in a pediatric population
and has adequate reliability. Kappa coefﬁcients and per-
centage of agreement for interobserver reliability ranged
from 0.43 to 0.91 [26]. The diary takes *10 min to
complete. Parents were asked to complete the diary toge-
ther with their children to increase the accuracy of dietary
report.
Usual Food Choices
This 14-item survey was part of the Health Behavior
Questionnaire developed for the Child and Adolescent Trial
for Cardiovascular Health study [27]. This survey asked
about usual food choices (behavior) in a forced-choice
format that focuses on low-fat and low-sodium foods. It
measured usual food selections and what types of food a
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123child eats most of the time. Children were given a choice
between 2 foods and asked which one they eat more often.
Sample questions are ‘‘Which foods do you eat most of the
time: hot dog or chicken? Frozen yogurt or ice cream?’’ A
higher score indicated more healthy food choices. Validity
was obtained by including expert review and focus group
pilot testing. The Cronbachalpha coefﬁcient for internal
consistency in the original study was 0.76 [27].
Caltrac Personal Activity Computer
The Caltrac Personal Activity Computer (CPA) has been
widely used to assess physical activity among children and
adults [28]. It has replaced the pedometer in physical
activity research because of its relatively low cost ($70)
and ease of use. The CPA is designed to be placed at the
hip and to measure vertical acceleration. Readings from the
device have been used to predict oxygen consumption and
net caloric expenditure, based on gender, age, height, and
weight, during exercise. The CPA indicates a moderate to
high validity, ranging from 0.35 to 0.97, with heart rate and
observation methods [28]. A high reliability of the CPA,
ranging from 0.87 to 0.98, was also reported in children
[28]. In our study, children placed the CPA at the hip for
ﬁve consecutive days including one weekend and removed
during showers and sleep. Average count was used for
analysis.
Dietary Behavior Self-Efﬁcacy
This 15-item self-report questionnaire measures children’s
self-conﬁdence in their ability to choose foods low in fat
and sugar [27]. The questionnaire contains 15-item stems
beginning with ‘‘How sure are you…?’’ Items are scored on
a Likert scale, with options of ‘‘not sure,’’ ‘‘a little sure,’’ or
‘‘very sure.’’ Higher scores indicate higher self-efﬁcacy.
The internal consistency ranged from 0.82 to 0.87 in third
and ﬁfth graders [27]. It takes about 5 or 10 min for chil-
dren to complete the questionnaire.
Physical Activity Self-Efﬁcacy
This subscale of the Health Behavior Questionnaire is used
to measure children’s self-conﬁdence in their ability to
participate in various age-appropriate physical activities
[27]. The subscale includes 5 items in which children are
asked if they are ‘‘not sure,’’ ‘‘a little sure,’’ or ‘‘very sure’’
that they can do such things as ‘‘keep up a steady pace
without stopping for 15–20 min.’’ Higher scores indicate
higher self-efﬁcacy. Internal consistency ranged from 0.67
to 0.69 in third and ﬁfth graders [27]. It takes about
2–5 min for children to complete the questionnaire.
Dietary Knowledge
This 14-item survey also was part of the Health Behavior
Questionnaire developed for the Child and Adolescent
Trial for Cardiovascular Health [27]. It measures children’s
knowledge about healthy food choices. Children were
asked to identify which food was ‘‘better for your health.’’
Samples of two choices included ‘‘whole wheat or white
bread’’ and ‘‘frozen corn or canned corn.’’ Content validity
was examined by including expert review and focus group
pilot testing from the Child and Adolescent Trial for Car-
diovascular Health. This survey had a reported internal
consistency with a Cronbach alpha ranging from 0.76 to
0.78 [27]. A higher score indicates more accurate dietary
knowledge.
Physical Activity Knowledge
This 5-item questionnaire was developed by the researcher
to assess children’s knowledge regarding physical activity.
Items were adapted from recommendations from the US
Department of Agriculture [29] and the American Heart
Association [30] regarding dietary guidelines, MyPyramid,
and children’s health. Sample questions included the fol-
lowing: How much aerobic activity is required for a heal-
thy heart? How many h a day should a child watch
television or play video games? The reliability coefﬁcient
for internal consistency with sample of children in this
study was 0.65. Children received 1 point for every ques-
tion they answered correctly. A higher score indicates more
accurate knowledge about physical activity needs. The
total score was used for analysis.
Data Analysis
Appropriate descriptive statistics, means, and standard
deviations for the quantitative variables, as well as fre-
quencies and percentages for categorical variables, were
calculated for all of the study variables. To examine gender
difference, chi-square tests were performed for categorical
data, and t tests were used for continuous data. Multiple
linear regressions were performed on children’s BMI, waist
to hip ratio, diastolic blood pressure, and SBP. Factors
entered into models included children’s age, gender,
parental acculturation level, physical activity, food choice,
self-efﬁcacy related to physical activity, self-efﬁcacy
related to dietary behavior, average calorie intake, per-
centage of fat intake, percentage of sugar intake, and
number of fruits and vegetables intake. All statistical
analyses were performed with SPSS 15.0 for Windows.
Data are expressed as mean ± SD. Level of signiﬁcance
was set at P\0.05.
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Demographic Characteristics
Sixty-seven 8- to 10-year-old Chinese American children
and their families participated in the study. Approximately
57% of the children were boys (n = 38). Thirty-ﬁve chil-
dren (52%) were randomized to the intervention group. The
mean age of the children was 8.9 ± 0.9 years, of the
mothers was 41.4 ± 4.4 years, and of the fathers was
44.3 ± 5.3 years. Most of the mothers were married
(n = 55, 82%). The mean years of education was 14 (SD,
4.5) for mothers and 15.6 (SD, 3.7) for fathers. Approxi-
mately 70% of the families had an annual household
income greater than $40,000. Demographic characteristics
did not differ between the intervention and control groups.
The mean BMI was 19.0 ± 3.2 and *46% of children
had a BMI exceeding the 85th percentile (n = 31). Of the
overweight children, 58.1% were boys. Our data suggest
children in our study have a higher rate of obesity than the
average. No difference was found between overweight
status between boys and girls. The mean waist to hip ratio
was 0.89 ± 0.05, mean SBP was 104.5 ± 11.2 mm Hg,
and mean DBP was 61.0 ± 12.5 mm Hg. No difference
was found between overweight and normal-weight children
(Table 1).
Factors Associated with BMI, Waist to Hip Ratio,
and Blood Pressure
Pearson correlation coefﬁcient was used to examine the
correlation between independent variables (age, gender,
maternal acculturation, children’s physical activity, dietary
intake, knowledge about adequate nutrition and physical
activity, and self-efﬁcacy on diet and physical activity) and
dependent variables (BMI, waist to hip ratio, SBP, and
DBP). Intake of fruits and vegetables was negatively
associated with waist to hip ratio (r =- 0.43, P = 0.04).
In addition, higher SBP and DBP were also associated with
higher waist to hip ratio (r = 0.59, P = 0.005). Lower
lever of physical activity was associated with high DBP
(r =- 0.34, P = 0.01). No factor was associated with SBP
and BMI.
Multiple linear regressions were performed on chil-
dren’s BMI, waist to hip ratio, SBP, and DBP. To ensure
that the model met the assumptions of linearity, normality,
and constant variance, we performed visual scatter plots,
standardized residuals, studentized residuals, and Cook
distance tests. The data met the model’s assumptions. The
results suggest that lower level of maternal acculturation
(sr
2 = 0.35, P = 0.001) and unhealthy food choice in
Table 1 Selected personal attributes, dietary and physical activity
characteristics among study participants
Characteristic Mean SD
Maternal acculturation mean score 2.38 0.69
Child’s age (years) 8.97 0.89
Body mass index
a 19.03 3.22
Waist to hip ratio 0.89 0.05
Systolic blood pressure (mm Hg) 104.5 11.2
Diastolic blood pressure (mm Hg) 61.0 12.5
Physical activity (count) 3,782.3 1,434.4
Food choice score 9.0 2.16
Percentage of fat consumption 31.6 12.4
Sugar (g) 23.4 9.0
Servings of vegetables and fruit 3.9 3.1
Nutrition self-efﬁcacy 2.43 0.41
Physical activity self-efﬁcacy 2.32 0.47
Nutrition knowledge 9.58 2.72
Physical activity knowledge 3.63 1.07
a Calculated as the weight in kilograms divided by the height in
meters squared
Table 2 Risk factors for increased BMI, waist to hip ratio, SBP, and DBP
Outcome Predictor R
2 b 95% CI sr
2 F(P)
Body mass index (BMI)
a Overall 0.47 10.75 (0.001)
Acculturation -0.59 -4.24, -1.34 0.35 15.71 (0.001)
Food choice -0.40 0.15, 1.10 0.16 7.24 (0.01)
Waist to hip ratio Overall 0.35 7.90 (0.01)
Acculturation -0.59 0.008, 0.060 0.35 7.90 (0.01)
Systolic blood pressure (SBP) Overall 0.16 4.59 (0.04)
Food choice -0.40 0.07, 3.79 0.16 4.59 (0.04)
Diastolic blood pressure (DBP) Overall 0.45 9.36 (0.001)
Age 0.68 3.95, 12.17 0.40 16.48 (0.001)
Physical activity -0.49 -0.006, -0.001 0.20 8.43 (0.008)
a Calculated as the weight in kilograms divided by the height in meters squared
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123children (sr
2 = 0.16, P = 0.01) were predictors of a
high BMI in Chinese American children (R
2 = 0.47,
F = 10.75, P = 0.001). A lower level of maternal accul-
turation was also a predictor of higher waist to hip ratio
(R
2 = 0.35, F = 7.90, P = 0.01). Unhealthy food choice
was a predictor of high SBP (R
2 = 0.16, F = 4.59,
P = 0.04), whereas older age and a lower level of physical
activity were predictors of high DBP (R = 0.45, F = 9.36,
P = 0.001; Table 2).
Discussion
The prevalence of childhood obesity and high blood pres-
sure has increased dramatically in the past two decades, so
understanding the factors related to increased risk for
obesity and high blood pressure is critical, especially in a
fast-growing population of immigrants. Our study results
suggest that a lower maternal acculturation level and
unhealthy food choices are risk factors for increased BMI
in Chinese American children. Additionally, making
unhealthy food choices is also a risk factor for increased
SBP, whereas a low level of physical activity and older age
are risk factors for increased diastolic blood pressure in
Chinese American children.
Studies have suggested that low level of maternal
acculturation is associated higher BMI in children [31, 32].
It is possible that mothers with higher levels of accultura-
tion are more sensitive about their own child’s weight
status because they are more aware of the health issues
associated with childhood obesity and therefore are more
likely to provide healthy food and encourage active life-
style [32, 33]. In addition, acculturated mothers may also
have better access to healthier food than those who are less
acculturated as higher acculturation is associated with
higher level of household income [34]. Future study need
to examine the mechanisms by which mothers’ accultura-
tion may affect proximal determinants of energy balance
and overweight risk in children, including dietary intake,
and physical activity.
Another important factor associated with obesity and
high blood pressure is children’s food choices. Our study
indicates that choosing unhealthy foods is a risk factor for
increased BMI and high SBP. This is consistent with other
study that suggests unhealthy dietary intake, especially
sugar-sweetened beverage, is associated with increased
blood pressure in children [35]. In addition, increased fruit
and vegetable intake is related to lower waist to hip ratio in
Chinese Americans. An important aspect of children’s
health behaviors is dietary behavior [36, 37]. Overweight
children and children at risk for becoming overweight
report a higher preference for high-fat foods and more
patterns of overeating than do normal-weight children [35,
38]. Several studies that used dietary interventions have
demonstrated successful weight reduction in overweight
and obese children [39, 40]. Additionally, a meta-analysis
of eight randomized controlled trials in a recent systematic
review of the effectiveness of dietary interventions in
overweight children indicated that interventions that con-
tain a dietary component are effective in weight manage-
ment in overweight children and adolescents (standardized
mean difference -1.82 with 95% conﬁdence interval
[CI] =- 2.4 to -1.23) [41]. Therefore, a critical element
of a program for preventing overweight and cardiovascular
disease in Chinese American children should incorporate
healthy eating.
Our results indicate that decreased physical activity and
older age are risk factors for increased diastolic blood
pressure. Regular physical activity may decrease the
prevalence of overweight, death from cardiovascular dis-
eases, diabetes, and high cholesterol [42–44]. A lower level
of physical activity is related to increase the risk for a
higher level BP in children [45, 46]. A low physical
activity level and high BMI were independently associated
with a high BP and risk of having hypertension in both
genders [45]. Our results are consistent with the above
mentioned studies and suggest that low lever of physical
activity put children at higher risk for high blood pressure
and CVD risks. Thus, increased physical activity is critical
in CVD risk reduction in children.
However, Asian children engage in lower levels of
physical activity than do white and African American
children [47]. The lower level of physical activity and high
inactive level may reﬂect a cultural difference. The low
levels of activity may be related to the emphasis placed on
academic achievement of children in Asian cultures; as a
result, these children spend more time studying or reading
than being physically active [48]. Moreover, new immi-
grant families may also be unaware of the health beneﬁts of
physical activity and thus may not promote physical
activity.
A study indicated that children’s levels of physical
activity decline with age (at about age 13), that girls’ levels
of physical activity decline with age more rapidly than do
boys’ levels of physical activity, and that boys spend more
time engaging in physical activity than do girls [49].
Healthy People 2010 emphasizes the importance of regular
participation in moderate physical activity as an essential
component of a lifestyle that promotes health and has
identiﬁed physical activity as a leading health indicator
[50]. Therefore, physical activity could be an integral
component of children’s health behaviors and of the pre-
vention of overweight and cardiovascular disease in chil-
dren, especially in Chinese Americans.
The results of this study of factors contributing to
obesity and high blood pressure in Chinese American
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123children should be interpreted carefully. Because of the
cross-sectional design of this analysis, no causal relation-
ship can be established. A longitudinal study is needed to
examine the change in children’s body composition and
blood pressure and the factors contributing to these chan-
ges. Moreover, because the study involved many self-
reported measures, errors in measurement such as under or
estimate food consumption may have occurred. Because
the children and families who participated in this study are
well educated, results can be generalized only to a similar
population. Future studies should include children and
families who are from different locations and educational
backgrounds.
Although results indicated that a small to moderate
percentage of variance was explained by the factors we
examined in this study, a larger amount of variance was
still unexplained. Future studies should incorporate other
important factors, such as parental BMI, health perception
regarding obesity and cardiovascular disease, and barriers
to a healthy lifestyle.
Conclusions
In this study, we found that lower maternal acculturation
level and unhealthy food choices are risk factors for obesity
and high blood pressure. As excess weight in children is
associated with immediate and long-term medical and
psychosocial complications, and the social and economic
costs of overweight and of attempts to prevent or to treat
overweight are high, interventions targeted to reduce
overweight and high blood pressure in children are critical.
Promoting healthy weight and preventing overweight in
Chinese American children are crucial ﬁrst steps to
reducing health disparities among minority and under-
served children.
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